Background -Continuous epithelial shed-
ding and restitution processes may characterise the airways in diseases such as asthma. Epithelial restitution involves several humoral and cellular mechanisms that may potentially be affected by inhaled anti-asthma drugs. The present study examines the effect of a topical steroid on epithelial restitution in vivo in the guinea pig. Methods -The airway epithelium was mechanically removed from well defined areas ofguinea pig trachea without surgery and without damage to the basement membrane or bleeding. An anti-inflammatory dose ofbudesonide (1 mg) was administered repeatedly to the tracheal surface by local superfusion 24 hours before, at (0 hours), and 24 hours after the denudation. Migration of epithelial cells, formation of a plasma exudation-derived gel, and appearance of luminal leucocytes were recorded by scanning electron microscopy. Cell proliferation was visualised by bromodeoxyuridine immunohistochemistry and tissue neutrophils and eosinophils by enzyme histochemistry. Results -Immediately after creation ofthe denuded zone ciliated and secretory cells on its border dedifferentiated, flattened out, and migrated speedily (mean (SE) [2] [3] (0.3) pm/min) over the basement membrane. After 48 hours the entire denuded zone (800 pm wide) was covered by a tightly sealed epithelium; at this time increased proliferation was observed in new and old epithelium and subepithelial cells. Budesonide had no detectable effect on epithelial dedifferentiation, migration, sealing, or proliferation. Immediately after denudation and continuously during the migration phase plasma was extravasated creating a fibrinous gel rich in leucocytes, particularly neutrophils, over the denuded area. Budesonide had no effect on either the gel or the leucocyte density. Conclusions -These observations suggest that topical glucocorticoids may not interfere with a fast and efficient restitution of the epithelium in the airways. Epithelial repair or restitution occurs in healthy airways and may be extensive in a disease such as asthma. ' Based on these observations we have suggested that shedding, even of clusters of epithelial cells, may be an important airway defence mechanism and that plasma and leucocytederived factors may contribute to a speedy and efficient restitution in vivo.
The present study was performed to determine whether topical glucocorticoids affect re-epithelialisation in vivo. Glucocorticoids Eriefdlt, Erjefdlt, Sundler, Persson are widely used in the treatment of asthma, particularly by the inhaled route."3 The experimentally demonstrated effects of glucocorticoids include many physiological and pharmacological actions on epithelial cells,'415 infiltrating leucocytes,'1'9 and the microcirculation.20"2 Hence, in theory glucocorticoids could have effects on the epithelial repair process. We present here the effect of topical budesonide given daily for three days starting one day before the denudation, and have determined whether this drug interferes with the "acute" phase of epithelial restitution when a new tight epithelial lining is re-established in the denuded zone. In particular, we have examined gross changes in the rate of the re-epithelialisation, the formation of a plasma-derived gel, the accumulation of leucocytes, and the increased epithelial and subepithelial proliferation.
Methods

ADMINISTRATION OF ANAESTHETICS AND TRACHEAL SUPERFUSIONS
Male Dunkin-Hartley guinea pigs (n = 27, 500 g, from Mollegaard, Denmark) fasted for 3-4 hours were anaesthetised with a 3:2 mixture of ketamine (50 mg/ml) and xylazine (20 mg/ ml) intramuscularly (1 ml/kg). For The tracheal mucosa was superfused with budesonide for five minutes. A suspension of micronised budesonide (10 mg/ml) in CMC vehicle (0 75% sodium carboxyl methyl cellulose and 0-65% NaCl) was used. Budesonide was administered 24 hours before and at 0 and 24 hours after epithelial removal. Control animals received 100 p1 CMC vehicle. After superfusion the catheter was removed and the animals were kept in the tilted position for an additional five minutes.
REMOVAL OF THE EPITHELIUM
Guinea pigs were anaesthetised as described above and placed in a supine position.22 A specially designed steel probe was gently moved into the tracheal lumen down to the carinal region. By applying a slight pressure a longitudinal strip (800-1000 gm width) of the epithelium was removed along the dorsal side of the trachea. Animals (n =3 at each time point) were analysed before (non-de-epithelialised controls) and at 10 minutes, and two, eight, and 48 hours after de-epithelialisation. This technique does not cause bleeding or structural damage to the underlying basement membrane.'01' In order to examine cell proliferation induced by epithelial removal non-de-epithelialised controls and all animals examined at 48 hours after epithelial removal were injected intraperitoneally with 10 mg/kg bromodeoxyuridine (BrdU, Sigma, St Louis, USA) one hour before termination of the experiment.
TERMINATION OF THE EXPERIMENT AND SAMPLE PROCESSING
Animals were anaesthetised with an intraperitoneal injection of pentobarbitone (60 mg/ ml; 5 ml/kg). The thorax was opened and the animal was exsanguinated by an incision in the still bleeding heart. The trachea was rapidly excised and placed in a petri dish, rinsed gently with 0 9% NaCl and cut into segments. For scanning electron microscopic examination one segment (1 cm in length) was cut out from each animal 1-2 cm from the cranial end. Two segments (taken at 2-2 5 and 2 5-3 cm from the cranial end) were used for histochemical and immunohistochemical studies. For high resolution light microscopy one segment was cut out at 0 8-1 cm from the cranial end. Tracheal segments for histochemical and immunohistochemical examination were immersed in Stefanini's buffer (2% formaldehyde and 0-2% picric acid in 0-1 M phosphate buffer, pH 7 2) overnight, rinsed several times in buffer (Tyrode buffer supplemented with 10% sucrose), frozen in mounting medium (Tissuetech, Miles, USA), and stored at -70°C until examination. Tracheal tubes from the same animal were mounted in a "standing" position on the same mounting stub so that examination of two different tracheal regions (separated by 5 mm) were examined on each slide.
SCANNING ELECTRON MICROSCOPY
Tracheal segments were cut immediately along the ventral side and stretched out on Sylgard coated petri dishes using micro needles. The luminal surface was gently rinsed with PBS buffer (pH 7.4) and immediately subjected to fixation in a PBS buffer containing 1% glutaraldehyde and 3% formaldehyde for two hours. Stretched tracheas were examined in a bright field microscope for any sign ofbleeding. In some samples where a gel covered the deepithelialised zone a part of this gel was gently removed using a pair of forceps so that examination of the underlying, denuded surface could be performed. Specimens After fixation overnight (in the same fixative as that used for scanning electron microscopy), post-fixation in 1 % osmium tetroxide for one hour, and dehydration in graded acetone solutions the specimens were embedded in Polarbed 812. Plastic sections (1 gm) were cut on an LKB MK ultratome and stained with toluidine blue. subjected to EPO staining (as described above), stratified columnar epithelium (fig 1) . (fig 7) . Budesonide treatment had no detectable effect on this gel formation (fig 7) .
TRAFFICKING OF INFLAMMATORY CELLS
The de-epithelialisation was followed by a significant increase in tissue neutrophils ( fig 8A) . 0 Budesonide did not affect the numbers oftissue neutrophils during the course of the re-epithelialisation. Denudation was also followed by a gradual decline in the numbers of tissue eosinophils already present in the guinea pig mucosa (fig 8B) ,'0 but again budesonide had no significant effect on eosinophil numbers after de-epithelialisation. This study on guinea pig trachea in vivo has shown that topical anti-inflammatory doses of budesonide may not affect denudation-induced physiological and cellular responses. Accordingly, the plasma exudation gel formation, the leucocyte responses, and epithelial dedifferentiation, migration, sealing, and proliferation were not affected by the drug. We suggest that topical administration of glucocorticoids in the airways does not interfere with the epithelial restitution process that occurs after denudation by epithelial shedding. This study was supported by grants from the Swedish Medical Research Council (projects 8308 and 4499), Astra Draco, Lund, and the Medical Faculty, University of Lund.
